Retinal shape estimation from peripheral refraction and peripheral eye length methods by Verkicharla, Pavan K. et al.
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
Verkicharla, Pavan K., Atchison, David A., Mallen, Edward A.H., Suheimat,
Marwan, Mathur, Ankit, Schmid, Katrina L., Dunne, Mark C.M., Wei, Xin, &
Brennan, Noel A. (2013) Retinal shape estimation from peripheral refrac-
tion and peripheral eye length methods. In International Myopia Confer-
ence, 19-22 August 2013, Asilomar, California.
This file was downloaded from: http://eprints.qut.edu.au/66080/
c© Copyright 2013 Please consult the authors
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
2013 IMC Abstract Form  
Complete the form and then e-mail to: mailto:imcabstracts2013@gmail.com  
Presenting author Pavan K. Verkicharla1 
Other authors David A. Atchison
1, Edward A. H. Mallen2,  Marwan Suheimat1, Ankit 
Mathur1,  Katrina L. Schmid1, Mark C.M. Dunne3, Xin Wei4, Noel A. Brennan4 
Affiliation 
1School of Optometry & Vision Science and Institute of Health and Bio-medical 
Innovation; Queensland University Of Technology, Australia 
2Bradford School of Optometry and Vision Science, University of Bradford, UK 
3School of Life and Health Sciences, Aston University, UK 
4Johnson & Johnson Vision Care, Jacksonville, Florida, USA 
E-mail address pavankumar.verkicharla@student.qut.edu.au  
Title of abstract Retinal shape estimation from peripheral refraction and peripheral eye length 
methods 
 
Introduction: 
To investigate the association between peripheral retinal shape and myopia, retinal shape has been inferred 
indirectly from peripheral refraction and peripheral eye length measurements, for example, negative relative 
refraction is associated with a “prolate” shape. The purpose of this study was to improve upon this by 
quantifying retinal shape from the measurements. 
 
Methods: 
Peripheral refraction (PR) and peripheral eye length (PEL) were measured using the Shin-Nippon SRW-5000 
auto-refractor and the Haag-Streit Lenstar LS-900 biometer, respectively, along horizontal and vertical fields 
out to ±35° in 5° steps in 48 young adults (spherical equivalent refraction +0.75D to −6.25D). Retinal vertex 
curvature and asphericity were determined from the following methods: 
a) PR method (Dunne): The Gullstrand-Emsley schematic eye was modified according to a participant’s 
intraocular lengths and anterior cornea curvature. Ray-tracing was performed at each angle through the stop, 
altering the asphericity of the cornea until peripheral astigmatism matched the experimental measurement. 
Retinal curvature, and consequently retinal co-ordinate intersection with the chief ray, was altered until 
sagittal refraction matched its measurement.  
b) PEL method: Ray-tracing was performed at each angle through the anterior corneal centre of curvature of 
the Gullstrand-Emsley eye. Ignoring refraction at the lens, retinal co-ordinates relative to the fovea were 
determined from peripheral eye lengths and trigonometry. 
For a) and b) and each visual field, sets of retinal co-ordinates were used to fit conic retinal shapes in terms of 
vertex curvature and asphericity. 
c) Inferred retinal shape: Second-order fits to the relative PR and relative EL measurements were made as a 
function of visual field angle. Increasing retinal steepness was inferred by increasing second-order 
coefficients for relative PR and by decreasing second-order coefficients for relative EL. 
 
Results: 
The PR method gave significantly smaller vertex curvatures than the PEL method along horizontal and 
vertical fields (differences, mean ±95% CI: horizontal −0.011±0.002 mm-1, vertical −0.008±0.003 mm-1). The 
PR method gave significantly more positive asphericities than the PEL method along the horizontal field 
(horizontal +0.59±0.23, vertical +0.19±0.48). Across the two methods, retinal curvature was significantly 
higher along the horizontal field than along the vertical field (+0.005±0.002 mm-1, p < 0.001), but there was 
no significant difference between asphericities along the visual fields (−0.22±0.34, p = 0.19).  
Inferring retinal shape from relative PR and PEL measurements indicated that retinas become more curved 
along horizontal and vertical meridians as myopia increases (p<0.05). However, for the PR and PEL 
methods, there were no significant changes in either vertex curvature or asphericity as myopia increased. 
  
Discussion & Conclusion: 
The PR and PEL methods gave different estimates of retinal vertex curvature and asphericity. Neither method 
gave significant effects of refraction on these estimates, which contrasts with an MRI study (Atchison et al, 
IOVS, 2005) that found horizontal vertex curvature became greater as myopia increased. Differences may be 
at least partly due to the three methods using different retinal extents, with the PEL method using the least 
and the MRI method using the most. Further comparison using similar proportions will help determine the 
validity of PR and PEL methods for determining retinal shape. 
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